The purpose of this work was to determine if racial differences in maximum oxygen uptake (VO 2 max) and difficulty in doing submaximum (sub) exercise tasks contribute to activity-related energy expenditure (AEE) and activity-related time equivalent (ARTE) index, an index of time spent in physical activity. METHODS: Subjects were 35 Black and 39 White sedentary premenopausal women group matched for age, weight and body composition. Percent fat was determined by dual energy X-ray absorptiometry, AEE by doubly labeled water and sleeping energy expenditure, ARTE index by AEE and energy cost above sleeping for five exercise tasks, and VO 2 max by a graded exercise test. Subexercise oxygen uptake was measured during walking at 3 mph on the flat and up a 2.5% grade, climbing stairs, and riding a bike ergometer at 50 W. Difficulty of exercise was assessed during the subexercise and taken as heart rate, ventilation, and ratings of perceived exertion (RPE) and expressed as a % of the individual's maximum. RESULTS: VO 2 max was related to AEE (r ¼ 0.29, Po0.04) and to ARTE index (r ¼ 0.37, Po0.01). All three difficulty measures were related to AEE (r ¼ À0.35 to À0.42, P-valueso0.02) and the ARTE index (r ¼ À0.49 to À0.52, all P-valueso0.01), with the exception of RPE with ARTE (r ¼ À0.27, P ¼ 0.10). Compared to Black women, White women had significantly higher VO 2 max (12%), AEE (45%) and ARTE (50%), and significantly less physiologic difficulty of performing the subexercise tasks: heart rate (5%), ventilation (13%), and RPE (8%). Significant racial differences in AEE and ARTE disappeared after adjusting for any of the three difficulty measures. CONCLUSIONS: These results show that more participation in free-living physical activity is related to greater VO 2 max and less difficulty in being active. In addition, lower levels of physical activity found in Black women may be partially explained by lower VO 2 max and increased difficulty of engaging in physical activities.
Introduction
We as well as others have shown that low levels of physical activity may contribute to weight gain. [1] [2] [3] In addition, several studies have found that Black subjects have lower physical activity and higher prevalence of obesity than White subjects. [4] [5] [6] [7] [8] [9] [10] [11] Although it is known that social and cultural factors may affect participation in physical activity, little is known concerning potential physiological factors that might influence the lower physical activity found in Black subjects. A few studies have shown that Black subjects may have lower aerobic capacity than White subjects. Black children were found to have lower aerobic capacity than White children. 12, 13 Black male middle distance runners have also been shown to have lower aerobic capacity than White male middle distance runners, 14 and we have recently shown that premenopausal Black sedentary women have lower aerobic capacity than premenopausal White sedentary women. 15 In addition, Black male middle distance runners use less energy while running 14 and the Black premenopausal women use less energy while performing a battery of common exercise tasks such as walking at 3 mph, climbing stairs, and bicycling. 16 It is unknown whether these racial differences in response to an exercise task may contribute to differences in free-living activity-related energy expenditure (AEE). It is well accepted that the relative difficulty of being active (as measured by heart rate, ventilation, and perception of difficulty during a task) is positively related to the relative exercise intensity; that is, more aerobically fit individuals experience less difficulty in performing submaximum tasks.
It is possible that individuals who have higher heart rates, ventilation rates, and perceptions of difficulty may choose to be less active and thus expend less energy in free-living activities. To our knowledge, no one has tested this premise. Further, even though racial differences in aerobic capacity may exist, no one has determined whether racial differences in difficulty of performing physical activities explains differences in free-living AEE.
Therefore, the purpose of this study was to: (1) determine whether aerobic capacity and exercise difficulty are related to free-living physical activity and AEE; and (2) determine whether there are racial differences in exercise difficulty and if these differences can account for potential race differences in free-living physical activity and energy expenditure.
Methods
Subjects were 35 Black and 39 White premenopausal women who were group matched for age, weight and body composition. Owing to missing data for various variables, some statistical analyses were carried out on less than 74 subjects. The subjects were selected from an ongoing study designed to measure metabolic factors that predispose women to obesity. These data are from the second year of follow-up, following a diet only weight-loss regimen for 19 White and 21 Black women. The remaining subjects consisted of 20 White and 15 Black never obese women. Data from this year (12 months following weight loss) were selected to insure that no confounding effects of recent weight loss were expressed in the data. All subjects that were evaluated in year two of follow-up of the ongoing study were included in the analyses.
All women were nonsmokers and reported experiencing menses at regular intervals. Since metabolism may be affected by menstrual cycle, all testing was performed in the follicular phase of the menstrual cycle (within 10 days of menses). Women were weight stable for 1 month prior to testing and were on a controlled diet (furnished by the General Clinical Research Center kitchen) within the range of 20-22% of energy as fat, 16-23% as protein, and 55-64% as carbohydrate for 2 weeks before testing. In order to further control for potential environmental confounders that may affect subjects performance during the exercise tests, subjects were admitted to the General Clinical Research Center 3 days prior to exercise testing. Before participating in the study, the women provided informed consent to the protocol, which was approved by the Institutional Review Board and Human Services Regulations for Protection of Human Research Subjects.
Measurement of sleeping energy expenditure (SEE)
Subjects spent 23 h in a whole-room respiration calorimeter (3.38 m long, 2.11 m wide, and 2.58 m high). The calorimeter design characteristics and calibration have been previously described. 17 Oxygen consumption and carbon dioxide production were continuously measured by magnetopneumatic differential oxygen analyzer (Magnos 4G) and the NDIR industrial photometer differential carbon dioxide analyzer (Uras 3G, both Hartmann & Braun, Frankfort, Germany). The calorimeter was calibrated before each subject entered the chamber. The zero calibration was carried out simultaneously for both analyzers. The full scale was set for 0-1% for the carbon dioxide analyzer and for 0-2% for the oxygen analyzer. Each subject entered the calorimeter at 0800 hours. Although metabolic data were collected throughout the 23-h stay, only sleeping metabolic data are used in this study. SEE is used only in the calculation of free-living AEE. The onset of sleep was determined when the lights were turned off, between 2130 and 2300 hours in all cases. Sleep may have included some resting awake time while the subject was falling asleep. Radar motion sensors used to detect spontaneous physical activity indicated that the subjects were inactive during the sleep period. The subject was awakened at 0630 hours on the second morning in the calorimeter. Energy expenditure was calculated by the Weir equation. 18 SEE was extrapolated over 24-h and expressed as kcal/day. VO 2 max VO 2 max was determined during a maximal modified Bruce graded treadmill protocol. 19 Heart rate was measured using a POLAR Vantage XL heart rate monitor (Gays Mills, WI, USA). Oxygen consumption and carbon dioxide production were measured continuously via open circuit spirometry, and analyzed using a Sensormedics metabolic cart (Model #2900, Yoma Linda, CA, USA). Prior to each test, the gas analyzers were calibrated with certified gases of known standard concentrations. Standard criteria for heart rate, respiratory quotient, and plateauing were used to ensure achievement of VO 2 max. 20 All subjects achieved at least two criteria for VO 2 workload, 4 min), and stair climbing (7 00 step, 60 steps/min, 4 min). Average VO 2 for the tasks was converted to kcal/min using the assumption of 5 kcal/l of O 2 consumed per minute, as previously described. 21 The average steady-state VO 2 of the four tasks, adjusted for body mass, was considered exercise economy. The average heart rate, ventilation, and Borg's RPE were averaged over the last minute and were considered exercise difficulty measures. Heart rate and ventilation have previously been validated as a respiratory/metabolic signal of exertion in a number of different activities. [22] [23] [24] [25] [26] Test-retest reliability and validity of the Borg RPE has previously been established. 27 Test-retest reliability for the four submaximal tasks in our lab is r ¼ 0.80 for exercise economy, r ¼ 0.93 for ventilation, and r ¼ 0.96 for heart rate. Since maximum heart rate, ventilation, and RPE differed according to age, fitness level, and in the case of RPE race (Black women reported significantly lower RPE than White women at the end of the maximum treadmill exercise test), each of the difficulty measures for these submaximum tasks was adjusted for maximum values from the VO 2 max test.
Measurement of total energy expenditure (TEE)
Free-living TEE was measured over 14 days of controlled diet and energy-balance conditions using the doubly labeled water technique. The previously described protocol 28 has a theoretical error of less than 5%. Samples were analyzed in triplicate for H 2
18
O and 2 H 2 O by isotope ratio mass spectrometry at the University of Alabama at Birmingham as previously described. 29 When all samples for deuterium and oxygen-18 were reanalyzed in seven subjects, values of TEE were in close agreement (coefficient of variation ¼ 4.3%), as previously described.
29 CO 2 production rates were determined using a fixed assumption for the dilution space ratio (1.0427) using Equation R2 of Speakman et al, 30 and energy expenditure was calculated using equation 12 of de Weir 18 using a mean value for the dietary food quotient of 0.88 obtained from the foods provided.
Assessment of physical AEE AEE was estimated by subtracting SEE from TEE after reducing TEE by 10% to account for the thermic response to meals. SEE was used instead of REE to estimate AEE, since SEE encompassed a much longer period of assessment and had a 45% lower standard deviation than REE.
Calculation of ARTE index
Free-living physical activity was derived from AEE (kcal/day) with the use of the ARTE index, as previously described
ARTE ðkcal=dayÞ ¼ ðAEE ðkcal=dÞ=AEC ðkcal= minÞÞ where AEC is the measured average activity energy cost, above SEE, of performing the five standardized tasks in the laboratory. The ARTE is considered to be an index of that portion of the day in which energy expenditure measured under free-living conditions is comparable with that measured during the performance of the five standardized tasks. The index is useful for comparing activity levels among subjects with different energy economies of exercise, as we have found in previous studies.
1 Dual-energy X-ray absorptiometry (DXA) Percent fat was determined by DXA (DPX-L, Lunar Radiation Corp., Madison, WI, USA). The scans were analyzed using the Adult Software (Version 1.33).
Statistics
Zero-order Pearson Product correlations were used to examine the relationship between AEE and ARTE with aerobic fitness and exercise difficulty variables. T-tests were used to examine aerobic fitness, exercise difficulty and economy, AEE and ARTE differences between Black and White women. In order to determine whether racial differences in exercise difficulty were related to aerobic fitness, VO 2 max was used as an adjusting variable in analysis of covariance of exercise difficulty variables. In order to determine whether racial differences in AEE and ARTE were related to exercise difficulty, percent of maximum heart rate, ventilation, and RPE were used as adjusting variables separtately in analysis of covariance of AEE and ARTE. Alpha was set at 0.05 for all tests. A priori evidence indicated aerobic fitness, submaximum exercise difficulty, and economy would be unidirectional in potential relationships with AEE and ARTE. In addition, a priori evidence indicated aerobic fitness, submaximum exercise difficulty and economy, AEE, and ARTE would be unidirectionally related to race. Therefore, one-tailed tests of significance were used in correlations of aerobic fitness, submaximum exercise difficulty and economy with AEE and ARTE. Racial differences for aerobic fitness, submaximum exercise difficulty and economy, AEE, and ARTE were also evaluated using one-tailed tests of significance.
Results
Since body composition and age may influence exercise performance and difficulty, it was important that the Black and White subjects be group matched for body composition and age. No significant differences were found between the Black and White women for age (35. (Table 1) . Table 2 contains the correlation coefficients of study variables with AEE and the ARTE index. Percent body fat was not related to either AEE or ARTE index. The maximum Aerobic fitness and physiologic difficulty GR Hunter et al oxygen uptake was significantly related to both AEE (r ¼ 0.285, P ¼ 0.041) and ARTE (r ¼ 0.372, P ¼ 0.010). In addition, all submaximum exercise difficulty measures were inversely related to AEE (r varying from À0.290 to À0.487) and ARTE (r varying from À0.267 to À0.471) with the exception of a borderline correlation of submaximum ventilation with AEE (r ¼ À0.239, P ¼ 0.072) despite submaximum oxygen uptake not being related to either AEE or ARTE. Adjusted difficulty measures were all significantly related to AEE (r varying from À0.348 to À0.420) and ARTE (r varying from À0.492 to À0.516) with the exception of submaximum perceived exertion (expressed as a percent of maximum) with ARTE (r ¼ À0.267, P ¼ 0.10). Maximum oxygen uptake was significantly different between Black and White women, whether unadjusted (11% higher in White women) or adjusted for body weight (12% higher in White women) ( Table 3) . Maximum ventilation was also significantly different (12% higher in the White women), but maximum respiratory exchange ratio and maximum heart rate were not significantly different between Black and White women (Table 3 ). In addition, no difference was observed for the percentage of women who reached plateauing between the Black (85%) and White (61%) women. Finally, all women in the study reached at least two of the three criteria for VO 2 max. All of the standard physiological criteria for identifying a successful VO 2 max test indicated that there is no potentially confounding bias between the Black and White women for measurement of VO 2 max.
Submaximum exercise and free-living AEE and ARTE results are contained in Table 4 . Submaximum oxygen uptake was significantly lower in Black women than White women (5%). Despite the lower oxygen uptake, the Black women had higher heart rates (4.5%) but not ventilation or RPE. Since the relative intensity of an exercise may be more important than the absolute intensity, percent of maximum (100 Â submaximum value/maximum value) submaximum heart rate, ventilation, and RPE were reported. Submaximum heart rate (5%), ventilation (13%), and RPE (8%) were all higher in Black women when reported as a percent of maximum, suggesting more difficulty in performing tasks like slowly climbing stairs, walking at 3 mph, walking up a grade, and riding a bicycle ergometer at 50 W. Whether the submaximum heart rate, ventilation, and RPE values were reported in absolute terms or as a percent of maximum, the significant racial differences disappeared when analysis of covariance was used to adjust for maximum oxygen uptake. Since absolute ventilation and RPE were not significantly different between races prior to adjustments (Table 4) , the analysis of covariance data are not shown.
White women had higher AEE (42%) and ARTE index (47%). However, the differences were no longer significant after adjusting for each of the three difficulty-of-exercise measures, that is percent of maximum heart rate, ventilation, and RPE.
Discussion
To our knowledge, this is the first study to show that difficulty in performing typical physical activities of daily living is related to reduced free-living physical activity and AEE. We also show that Black women, compared to White women, experience more difficulty in being physically active despite being more economical in doing tasks such as walking at a moderate speed. The data also suggest that reduced aerobic capacity may contribute to the increased difficulty of physical activity in Black women. In addition, increased difficulty of being physically active was related to lower levels of free-living physical activity and AEE. These Aerobic fitness and physiologic difficulty GR Hunter et al data point to the potential importance of aerobic exercise training to help to increase aerobic capacity and ease of physical activity, thus making it physically easier to participate in free-living physical activity in all women, but especially Black women. It is currently not understood why Black subjects have lower aerobic capacity than White subjects. The results have been consistent across a number of studies, in children, 12 adolescent girls, 13 young overweight women, 31 Black male middle distance runners, 14 and premenopausal women. 15 Bassett and Howley 32 have outlined four factors that limit maximum oxygen uptake: (1) pulmonary diffusing capacity; (2) maximum cardiac output; (3) oxygen carrying capacity of the blood; and (4) skeletal muscle characteristics. Pivarnik et al 13 have previously shown that venous hemoglobin levels are lower in Black than White adolescent girls, and we 33 have shown the same difference in Black vs White premenopausal women. In addition, we were able to show that the lower hemoglobin concentrations were independently related to VO 2 max after adjusting for race. This finding suggests that factor 3 (oxygen carrying capacity of the blood) may contribute to reduced VO 2 max in Black women. Using 31 P magnetic resonance spectroscopy, we also found that oxidative capacity of plantar flexor skeletal muscle is lower in Black women and that the reduced skeletal muscle oxidative capacity was independently related to VO 2 max after adjusting for race, suggesting that factor 4 (skeletal muscle characteristics) may also be contributing to the reduced VO 2 max in Black women. Further supporting the premise that skeletal muscle characteristics may contribute to racial differences in aerobic capacity, Black subjects have been shown to have lower percentages of oxidative slow twitch muscle fibers than Whites. [34] [35] [36] Whether factors 1 (pulmonary diffusing capacity) and 2 (maximum cardiac output) also contribute to reduced aerobic capacity of Blacks have not been explored to our knowledge. Reduced physical activity of course can cause a decrease in aerobic fitness, so it is possible that the racial differences in aerobic capacity and exercise difficulty are mediated by the differences in physical activity rather than the reverse. We have previously shown that differences in VO 2 max between Black and White women persist even after adjusting for differences in free-living physical activity. 15 The implication is that differences in aerobic capacity between Black and White subjects are independent of differences in physical activity. If this is the case, it becomes more likely that racial differences in physical activity are mediated by differences in aerobic fitness and the difficulty of being physically active. Obviously, the condition would most likely be compounded since the reduction of physical activity would potentially cause a further reduction in aerobic fitness continuing a downward spiral in physical activity and aerobic fitness until something is done to reverse the spiral; that is, exercise training. High aerobic capacity is well known to be related to lower heart rate, lower ventilation, and lower perceived exertion in submaximal exercise tasks. Even though aerobic capacity was lower in the Black women, it was not known whether exercise difficulty in the submaximum exercise tasks (walking, walking up a grade, climbing stairs, and riding a bicycle ergomenter) would be higher in the Black women since it has been previously shown that Blacks have better exercise economy (lower VO 2 cost for submaximal standardized tasks) than Whites. 14, 16 Despite the Black women in this study having better exercise economy than the White women, the Black women did experience more exercise difficulty as measured by % of maximum heart rate, ventilation, and perceived exertion for the four One-tailed probability for all tests.
Aerobic fitness and physiologic difficulty GR Hunter et al submaximum exercise tasks. The differences disappeared after adjusting for VO 2 max suggesting, as expected, that the differences were mediated by reduced aerobic capacity in the Black women. Most of these ladies were employed (24 out of 35 Black women and 27 out of 39 White women). Of those employed, 12 out of 24 Black women and 14 of the 27 White women were in professional jobs (physician, pharmacist, nurse, dietician, or research program coordinator), making it less likely that occupation played a major role in ethnic differences in physical activity.
It is unlikely that diet, age or BMI influenced the results. All subjects were in energy balance and given food of almost identical macronutrient content during the 2 weeks, while physical activity was assessed. Age and BMI also did not differ between the Black and White women. The social environment has been identified as a strong predictor of physical activity while marital status and occupation have been shown to be related to physical activity. [37] [38] [39] Most of these women were employed (24 out of 35 Black women and 27 out of 39 White women). Of those employed, 12 out of 24 Black women and 14 of the 27 White women were in professional jobs (physician, pharmacist, nurse, dietician, or research program coordinator), making it less likely that occupation played a major role in ethnic differences in physical activity. Other social and cultural variables were not obtained on this group of women. Therefore, the results of this study should not be interpreted to imply that social and cultural factors are not also related to physical activity in this group of Black and White women. Little is known concerning the increased exercise economy of the Black compared to White subjects. The difference does not seem to be related to VO 2 max in this study (after adjusting for the VO 2 max ethnic differences in exercise economy persist). We have previously shown that type I muscle fiber is related to walking economy as well as 31 P magnetic resonance spectroscopy measured muscle metabolic economy, probably because individuals who have a higher percentage of type I muscle fibers will be less dependent on inefficient type II muscle fibers when performing any physical task. 40 However, the limited available data on muscle fiber type in Blacks suggests that if an ethnic difference exists in fiber type between Black and White subjects, Black subjects would tend to have a higher percentage of inefficient type II muscle fibers. [34] [35] [36] Therefore, it is unlikely that ethnic fiber type differences can explain the differences in exercise economy between the Black and White women. Consistent with studies that have reported reduced physical activity in Black subjects, 4, [6] [7] [8] [9] AEE and ARTE in this study were significantly lower in Black women than in White women. This significant racial difference disappeared when adjusted for any of the indicators of submaximum exercise difficulty. This result, coupled with the significant relationships between exercise difficulty and AEE and ARTE, suggests that the decision to be physically active may be influenced by the physiologic and perceived difficulty experienced while performing such activities. VO 2 max also is related to exercise difficulty, AEE, and ARTE. Taken together, these results can be interpreted to suggest that low aerobic capacity in Black women increases the difficulty for being physically active. Although this cross-sectional data cannot be used as definitive evidence, it is possible the increased difficulty of being physically active decreases the inclination for physically activity.
Conclusion
Aerobic capacity as well as heart rate and percent of maximum perceived exertion during typical daily tasks are related to both free-living AEE and physical activity index, suggesting that participation in free-living physical activity is related to the ability to do physical activity effortlessly. Black premenopausal women expend less energy in physical activity and spend less time in physical activity than White premenopausal women. In addition, Black women have lower aerobic fitness and higher percent of maximum heart rate, ventilation, and perceived exertion during typical daily tasks. Elimination of significant racial differences in AEE and ARTE index occurred after adjusting for indicators of exercise difficulty. Taken together, these data show that racial differences in free-living physical activity are related to difficulty in being physically active, while differences in difficulty of being physically active are related to low aerobic capacity. Research is needed to determine if exercise training is important for increasing AEE and decreasing potential for weight gain, especially in Black women.
